The antigens of strain AD169 of human cytomegalovirus (CMV) were extracted by various methods and at different times following the appearance of cytopathic effects (c.p.e.) in infected fibroblasts. Assay with a pooled human serum in electroimmunodiffusion (EID) revealed that the most reactive preparations were obtained by shell-freeze (SF) extraction on the fourth day after 4÷c.p.e. As many as 20 antigens could be detected in the original gels, most of which were stable upon storage at 4 °C for up to 4 weeks; of these, about r4 can be reproducibly seen on photographs. EID runs on day 4 SF preparations from high-passage CMV strains C87 and Davis and low passage recent isolates VDI4, I694 and 1723 resolved, respectively, I5, 15, I3, II and 11 antigens in the original gels ( I I , 9, II, 8 and 9 are visible in photographs). Strains 1694 and 1723 shared fewer antigens with one another and with high passage strains than were shared among the latter, whereas VDI 4 had relatively large numbers of antigens common to both low and high passage strains. At least six antigens were common to all strains.
Electroimmunodiffusion (EID), in which antigen is electrophoresed into agarose that contains monospecific antiserum (Laurell, I966) , has been widely used as a simple, rapid and sensitive technique for quantification of antigen (reviewed by Verbruggen, I975) . In addition, EID is able to resolve multiple antigens in a mixture and to establish relationships among antigens when a polyvalent antiserum is used (Svendsen, 1973; Sweet et al. 1973 ; Weeke, 1973 ; Georgiades et al. I977) . We have used the latter capabilities in the present investigation on the number of antigens produced in cells infected with human cytomegalovirus (CMV) and on the antigenic relationships among six strains of the virus.
CMV high-passage strains AD169, C87 and Davis, and recent isolates I694, 1723 (both from leucocytes of patients with heterophile-negative mononucleosis) and VD I4 (from the urine of a patient who reportedly had syphilis) were used to infect monolayers of human embryonic tonsil fibroblasts at an approximate m.o.i, of o.25. The viruses were allowed to adsorb to monolayers in 64 oz roller bottles at 37 °C for I h, after which IOO ml of Eagle's minimal essential medium containing 2 %1 foetal bovine serum, Ioo units penicillin/ml and IOO/zg streptomycin/ml were added to each bottle. Monolayers showed > 90 ~o cytopathic effects (4+c.p.e.) within 24 h when infected with AD169, within 2 to 3 days when infected with C87, VD14, 1694 or I723 and within 3 to 5 days when infected with Davis.
Antigens were prepared from cultures on the first and fourth days (all CMV strains) and on the seventh day (ADI69) after 4+c.p.e. A shell-frozen (SF) antigen was prepared (we thank Dr John Stewart of the Center for Disease Control, Atlanta, Ga., for the procedure for SF antigen preparation) by pouring culture medium from each bottle, washing the remaining monolayer twice with 2o ml of phosphate buffered saline (PBS, o'85 % NaCI buffered to pH 7"3 with o.oI M-sodium phosphate) and freezing in 2o ml of PBS by rotating the bottle in a dry ice ethanol bath. The culture medium was centrifuged at 2ooog for I5 min and the pellet was washed with 4 o ml PBS, re-centrifuged, suspended in 3 ml PBS and frozen in the dry ice ethanol. After storage overnight or longer at -7 o °C, the SF bottles and pellet were thawed at 37 °C, pooled and centrifuged at 2ooo g for I5 min. The supernatant was concentrated 3o-fold across a PM Io membrane filter (Amicon, Lexington, Mass.) in an Amicon 2o2 cell and used as antigen. Freeze-thaw (FT) and alkaline glycine extracted (GE) antigens were prepared as described by Cremer et al. (I975) except for an additional fivefold concentration in a Minicon A25 (Amicon)to make the antigens similar in concentration (approx. IOO times the original culture volume) to SF antigens. In some experiments, portions of GE antigens were sonicated at 4 °C in a Biosonik IV (VWR Scientific, Denver, Colo.) sonifier with needle tip probe at position 6o (low) for r 5 s. All antigens, along with uninfected control preparations, were routinely stored at -7o °C and thawed on the day of use.
By use of ADl69 SF antigen in counterimmunoelectrophoresis (CIE) we screened more than 2ooo human sera for precipitins to CMV. Most of the sera were from healthy blood donors, while others were from therapeutic drawings, recipients of multiple transfusions and patients with suspected or culturally proven CMV infection. Sera that gave multiple precipitin lines were compared individually and in various pools by EID and fused-line immunoelectrophoresis (Axelsen et al. I973) to determine which serum or pool resolved the largest number of different antigens. On the basis of these comparisons, a pool of serial bleedings from a single subject with toxic megacolon, a biopsy of which revealed CMV inclusion bodies (we were unable to culture CMV from the biopsy specimen or from urine), gave the best results and was used throughout the study. Although this pool was selected for optimal reactivity with ADI69 SF antigen, it was also more reactive with antigens prepared in different ways and from different strains than were three other pools that were examined to the same extent.
EID was performed by layering 6 ml of molten (56 °C) o'85 % agarose (Seakem, Marine Colloids Inc., Rockland, Me.) in o'o5 M-barbital-Na barbital buffer at pH 7"3 on to a 5o x 75 mm microscope slide that had been previously coated with o-I % agarose. After solidification, all agarose except a 15 mm strip across the width of the cathodal end of the slide was removed with a large cutting blade (Biorad, Richmond, Calif.). Across the remaining strip were punched seven wells that were 4 mm diam. and I mm apart. Fifteen/~1 of antigen were placed in each well and allowed to diffuse for approx. 3o rain. A gradient of antiserum in agarose was formed on the portion of the slide from which agarose had been removed by placing o.I ml of antiserum in 4"4 ml of molten agarose that had been further purified by the method of Hibrawi et al. (I977). This was followed by removal of the anodal 3o mm of antiserum-agarose and its replacement with o'4 ml antiserum in x.8 ml of purified molten agarose (the gradient was used because preliminary experiments showed that more precipitin peaks were resolved than in conventional EID). Each slide was placed in the middle of a three-slide frame (Gelman Instrument Company, Ann Arbor, Mich.) that contained on each end a 5o × 75 mm slide coated with 5 ml of agarose. Bridges of agarose were then formed between the ends of the slide frame and the slides and between slides. Electrophoresis was for 19 h at I6o V in a Gelman deluxe chamber containing o'o3 Mbarbital-Na barbital buffer at pH 7"3. After electrophoresis, slides were washed in o'85 % NaCI for 48 to 72 h and in distilled water for i to 24 h. The slides were then dried, stained with Coomassie brilliant blue and photographed. Because photographs did not show weak precipitin peaks, the EID slides were projected on to 8"5 by I I inch white paper and traced. Interpretation of the number and relationship of antigens was based on the tracings and slides. The SF preparation from ADI69-infected cells harvested on the fourth day after 4 + c.p.e, gave the largest number of precipitin peaks and served as the reference for identification of antigens in other preparations. Control experiments, none of which revealed precipitin peaks, involved the testing of SF, FT and GE materials from sham-infected A, day I FT; B, day4 SF; C, day ~ SF; D, day 7 SF; E, day 4 SF; F, day 4 FT; G, day I GE; H, day 4 SF; I, day 4 GE; J, day 4 GE + S; K, day 4 SF; L, day I GE+ S; M, day 4 GE control. EID slides showed more precipitin peaks than can be discerned in the photograph.
cultures against the pooled antiserum and testing SF, FT and GE antigens against normal human sera.
In our laboratory, the ADr69 SF antigen, harvested I or 2 days after 4+c.p.e., has been routinely used for detection of CMV antibody by indirect haemagglutination and CIE. The initial objective of the present study was to determine how this antigen's reactivity in EID compared with that of other preparations recently reported by others to be useful in CMV serology (Cremer et al. I975 ; Betts et al. I976; Kim et al. I977) and to see if later than usual harvest resulted in a more reactive preparation. As shown in Fig. I , all methods of preparation and times of harvest yielded complex mixtures of antigens, although some major differences were noted. The GE antigens harvested on day I after 4 + c.p.e. (sonicated) and on day 4, and especially the day I SF antigen, might be judged most reactive from the viewpoint of overall intensity and height of precipitin peaks. However, the day 4 SF preparations were superior to others in giving the largest number of peaks and in no detectable lack of antigens that were present in other preparations. The same superiority of day 4 SF preparations was found in studies on the other CMV strains (not shown) so that this method and time of harvest was used for the remainder of the study.
To determine whether there were major variations in the synthesis, extraction and assay of day 4 SF antigens, and to examine the stability of the antigens upon storage at 4 °C, a series of experiments was done in which comparisons were made among ADI69 antigens prepared on three occasions, among antigens from the same preparation assayed at different times, and among antigens from the same preparation that were assayed immediately upon thawing and after storage at 4 °C for 3 and 4 weeks. Fig. 2(a) is a representative EID run from these experiments and shows a basic similarity among patterns, although there are some obvious differences in the quantities, as judged by peak heights, of certain antigens, especially those in the lower portions of the pattern. Taken together, the experiments revealed that as many as 2o different antigens are produced in CMV infected cells but only 15 to 19 are detected in individual runs; also, photographic reproduction allows visualization of only about I2 of these (Fig. 2) . Preparations that were stored for 3 or 4 weeks at 4 °C usually gave less discrete peaks and identity reactions than those which were freshly thawed, but the only detectable loss of activity was in one of the 2o antigens when storage was for 4 weeks. Fig. 2(b) is a photograph of one of three EID runs in which antigens (freshly thawed, 4 day SF) from cells infected with the six different CMV strains were compared. As can be seen, several peaks, especially in Davis, I694 and I723 preparations, did not fuse, spur, or cross to show relationships, so that interpretation of the patterns was somewhat difficult. Nevertheless, when all three runs were considered, some valuable statements could be made concerning the numbers and relationships of antigens. The ADt69 preparation had the largest number of detectable antigens at I9 (15 visible on Fig. z) , while those from C87 and Davis each had t5 (r i and 9 in Fig. z) , that from VDI 4 had 13 (I I in Fig. 2) , and those from I694 and i723 each had i I (8 and 9 in Fig. 2 ). Six antigens were identical (fusion of peaks) in all preparations and two others may have been (peaks in appropriate positions but not observed to fuse). The major differences observed among strains were fewer common antigens (6 to 8 on gels, 6 in photographs) when low-passage 1694 and I723 were compared with one another and with high-passage strains (6 to I I common antigens), than when comparisons were between high-passage strains (9 to I4 common antigens). VDx4 had relatively large numbers of antigens (8 to I3) common to both low and high passage strains. There was no unequivocal evidence that any strain produced unique antigens and the numbers given above refer to antigens visible on the original gels.
In the screening of sera by CIE, we observed no more than five precipitin lines in any one test, a result similar to others in which CMV antigens were prepared in several ways and assayed by immunodiffusion (Jung et al. I973; Fioretti & Pollini, I978) or CIE (Fortunato et al. I977; Niebojewski et al. I977) . The detection in this study of as many as 2o antigens by EID is largely attributable to the superior resolving capability of the technique, especially when an antibody gradient is used and to the exhaustive screening of sera for multiple precipitins. Of lesser importance was the use of SF antigen that was harvested later than usual after c.p.e. Somewhat surprisingly, crossed electroimmunodiffusion, which is usually more sensitive than EID (Verbruggen, I975) , resolved only ~2 of the ADr69 SF antigens (not shown).
The only other studies designed to detect a broad spectrum of antigens in cells infected with human CMV are those of Stinski 0976, ~977), who showed that rabbit antibody to purified virions plus dense bodies would precipitate I9 of 35 structural polypeptides. To relate our results to his will require a determination of which of the antigens we detected are structural and whether some are composed of more than one polypeptide, as has been reported for the precipitating antigens of herpes simplex virus type x (Norrild & Vestergaard, t977) .
A definitive EID study of the antigenic complexity and relationship among CMV strains would require the use of an antiserum known to contain precipitins to all antigens of all strains. Although such a claim obviously cannot be made for any available antiserum, it is important to emphasise that the assay serum used in this study was more broadly reactive with antigens of all six strains than were three other pools and, when checked by fused-line immunoelectrophoresis, it did not lack antibodies present in the other pools or in the sera from patients I694 , I723 and VDr 4 (not shown). Thus, we are confident that the serum contained a sufficiently broad spectrum of antibodies to allow at least some tentative conclusions concerning the numbers and relationships of antigens from cells infected with the six different isolates.
The finding that the ADI69 SF preparation was more reactive than those from the other strains, and that it apparently did not lack antigens present in other preparations (Fig. 2b) , is in accord with the view that ADI69 antigens are more broadly reactive with human sera than are those from other strains (Weller, I97I) . The appearance of larger numbers of antigens in cells infected with laboratory strains than in those infected with recent isolates (Fig. 2b) could be a reflection of cultural adaptions of the laboratory strains. If so, however, one might expect all laboratory strains to exhibit c.p.e, before all recent isolates, which was not the case (above).
The lack of any clear-cut reactions of non-identity and the sharing of as many as eight antigens by all isolates (Fig. 2b) suggests to us a high degree of antigenic homology in CMV. Other recent studies on antigens (Gonczol & Andersen, I974; Huang et al. I974; Kim et al. I977) , polypeptides (Gupta et al. I977) and DNA hybridization (Huang et al. I976 ) also emphasize the similarities among CMV strains although Weller (I97I) and more recently Huang et aL (I976), provided evidence for considerable antigenic diversity. We, as others, discerned no patterns that would warrant a subgrouping of CMV, although the differences between I694 and i723 and the other strains are provocative.
A more thorough understanding of relationships should come from further studies, now under way, in which additional strains are compared and human sera are compared with animal antisera prepared against purified virions. 
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